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METHODS FOR IDENTIFYING INHIBITORS OF NEURONAL DEGENERATION 



Background of the Invention 

Field of the Invention 

The present invention concerns methods and means for identifying inhibitors of 
10 neuronal degeneration, and their use in the treatment of neurodegenerative disorders, such as 
Alzheimer's disease. 

Description of the Related Art 

Alzheimer's disease is the most common neurodegenerative disorder worldwide. It is 

1 5 characterized by the accumiilation of senile plaques in the brains of the affected individuals. 
The senile plaques consist largely of p-amyloid peptide, derived from proteolytic processing 
of the p-amyloid precursor protein, p-APP. 

While in the majority of cases, Alzheimer's appears to occur as a sporadic disease, in 
a significant patient population it is genetically inherited as an autosomal dominant trait 

20 (familial Alzheimer's disease, FAD). FAD has been determined to be due to mutations in 
presenilin proteins, PSl and PS2 (Sherrington et al. Nature 375:754-760 (1995); Levy- 
Lahad et al. Science 269:973-977 (1995); Rogaev et al. Nature 376:775-778 (1995)). These 
mutations lead to a gain-of-fimction which contributes to an early onset and aggressive 
progression form of Alzheimer's diseases. PSl and PS2 are ubiquitously expressed as multi- 

25 membrane spanning proteins in all mammalian cells examined. The PS proteins display an 
intracellular localization (both are located in the endoplasmic reticulum (ER) and early 
Golgi) where they carry out a number of different biological activities, including involvement 
in cell survival and apoptosis, and specifically WntAVg and Notch signaling. 

Numerous reports implicate a role of PS proteins in cell survival and apoptosis. Cells 

30 expressing FAD PS appear to be more vuhierable to apoptosis (Wolozin et al, Science 
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274:1710-1713 (1996)); Guo et al, J. Neurosci. miU-Alll (1997); Deng et al, 
Lett. 397 : 50-54 (1996)). Likewise, transgenic mice engineered to express FAD PS display a 
propensity of neuronal death both naturally (Chui et al. Nature Med. 5:560-564 (1999)) and 
resulting from injury (Gub et al. Nature Med. 5:101-106 (1999)). PSl is also down- 

5 regulated in cell models of p53 mediated apoptosis, again suggesting a critical role for PS in 
cellular survival (Roperch et a/.. Nature Med. 4:835-838 (1998)). 

PSl has been observed to physically associate with members of the WntAVg 
signaling pathway, specifically p-catenin (Yu et al, J. Biol. Chem. 273:16470-16475 (1998); 
Murayama et al, FEBS Lett. 433:73-77 (1998)) and glycogen synthase kinase 3P (GSK 3(3) 

10 (Takashima et al, Proc. Natl. Acad. Sci. USA 95:9637-9641 (1998)). Stimulation of the 
Wnt/Wg pathway transduces m intracellular signal to the nucleus, which activates select 
genes required for differentiation and/or cell survival. To deliver this signal, GSK 3p is 
inactivated resulting in the stabilization of p-catenin, followed by translocation of P-catenin 
to the nucleus where it associates with TcfTLef transcription factors to initiate expression of 

15 downstream genes. The mechanism by which PSl affects p-catenin stability is not presently 
known. However, FAD PSl reduces both p-catenin stability (Zeng et al, Nature 395:698- 
702 (1998)) and nuclear translocation (Nishimura et al. Nature Med. 5:164-169 (1999)). 
FAD PSl also shows an increased association with GSK 3p as compared to normal PSl 
(Takashima et al , supra). 

20 The role for PS in Notch signaling of cell differentiation is primarily based on genetic 

evidence. Gene ablation experiments in which PSl and/or PS2 genes are inactivated results 
in a developmental lethal phenotype in mouse identical to Notch 1 inactivation (Herreman et 
al, Proc. Natl. Acad. Sci. USA in press). The genetic homolog of mammalian PS in C. 
elegans, sel-12, is essential for Notch signaling in this animal (Levitan and Greenwald, 

25 Nature 377:351-354 (1995)). Mutations in sel-12 result in Notch signaling defects, which 
can be rescued by the human PS genes (Baumeister et al. Genes & Function 1:149-159 
(1997)). This signaling pathway involves protein processing of Notch where PS appears to 
mediate this proteolytic step, either directly or indirectly (De Strooper et al. Nature 398:518- 
522 (1999); Song et a/. . Proc. Natl. Acad. Sci. USA 96:6959-6963 (1999)). 
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For further details about the structure and biological role of presenilins see, for 
example, Haass, Neuron 18:687-690 (1997), Annaert and Strooper, TINS 22:439-444 (1999) 
and Thinakaran, J. Clin. Invest. 140:1321-1327 (1999), 

Another protein that may play a role in the neuronal loss in Alzheimer's disease is 
5 Par-4. Par-4, a protein recently implicated as a mediator of prostate cancer, melanoma, and 
neuronal cell death, has been found to be elevated in vulnerable regions of the Alzheimer's 
disease brain (Guo et al, Nature Med. 4:957-962 (1998)). Par-4 expression is also elevated 
in cultured cells expressing FAD PSl (Guo et al, supra). Inhibition of Par-4 expression or 
function can prevent neuronal apoptotic cell death induced by p-amyloid or neurotrophic 

10 factor withdrawal. In addition, Par-4, has been found to specifically interact with the 
regulatory domain of atypical protein kinase C subfamily of isoenzymes (aPKCs), which 
dramatically inhibits their enzymatic activity (Diaz-Meco et al. Cell (1996)). 

The aPKC subfamily has recently been the focus of considerable attention. It is 
composed of two members, C^ILC and x/XPKC, which appear to be involved in a number of 

15 important cellular functions including cell proliferation and survival. The aPKCs selectively 
bind to, and are inhibited by, Par-4. Consistently, the ectopic expression of Par-4 induces 
apoptosis in a manner that is dependent on its ability to bind to, and inhibit the aPKCs (Diaz- 
Meco et al, J. Biol. Chem. 274:19606-19610 (1999)). 

While there are numerous factors and pathways that have been imphcated in neuronal 

20 degeneration, and specifically in Alzheimer's disease, the interaction and relationship of 
these factors and pathways is not well understood. A better understanding of the cellular 
mechanisms by which the PS and Par-4 genes exert their biological functions would 
contribute substantially to our knowledge of the molecular mechanisms causing various 
neurodegenerative disorders, such as Alzheimer's disease, and is pivotal for the identification 

25 and development of drug candidates for the treatment of such diseases. 

Summary of the Invention 

The present invention is based on the finding that the PS proteins participate in NF- 
kB signaling and activation. The invention is further based on the observation that (!^PKC is 
30 also involved in PS-mediated NF-kB activation. Finally, the invention is based on the 
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finding that Par-4 is a negative regulator of PS-mediated NF-kB activation acting to suppress 
^PKC activity. These findings have enabled us to construct a variety of novel screening 
assays to identify drug candidates for the treatment of neurodegenerative diseases, such as 
Alzheimer's disease. 

5 In one aspect, the invention concerns a method for identifying inhibitors of neuronal 

degeneration comprising (a) cotransfecting eukaryotic host cells expressing a presenilin 
protein (PS), with nucleic acid encoding Par-4, and an NF-kB dependent reporter construct, 
(b) exposing the cotransfected cells to a candidate molecule, and (c) monitoring the abiUty of 
the candidate molecule to induce NF-kB activation. In a particular embodiment, the host 

10 cells are exposed to a plurality of candidate molecules and the method is used to select those 
which induce NF-kB activation. 

The host cells may be eukaryotic host cells endogenously expressing a PS protein, 
and/or cells transfected with DNA encoding a PS protein. The PS protein may, for example, 
be PSl or PS2, either normal or FAD. The PS protein may be human. In a preferred 

15 embodiment, the host cells are neuronal, e.g. cerebellar granule cells, or organotypic brain 
cells obtained from a transgenic animal genetically engineered to express a PS protein. 

In a preferred embodiment, the NF-kB dependent reporter construct comprises NF- 
KB-binding consensus sites linked to a luciferase reporter gene. A known inducer of NF-kB 
activation, such as TNFa may be used as a positive control for NF-kB induction. 

20 The inhibitors of neuronal degeneration identified in accordance with the present 

invention can be included in pharmaceutical compositions, and administered to patient 
suffering from or at risk of acquiring a neurodegenerative disease, such as Alzheimer's 
disease. 

In another aspect, the invention concerns a method for identifying inhibitors of 
25 neuronal degeneration comprising (a) transfecting eukaryotic host cells endogenously 
expressing Par-4 and a PS protein with nucleic acid encoding an NF-kB dependent reporter 
construct, (b) exposing the cotransfected cells to a candidate molecule, and (c) monitoring the 
abihty of the candidate molecule to induce NF-kB activation. 

In a further aspect, the invention concerns a method for identifying inhibitors of Par-4 
30 expression or activity comprising (a) transfecting eukaryotic host cells endogenously 
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expressing Par-4 and a presenilin (PS) protein with nucleic acid encoding an NF-kB 
dependent reporter construct, (b) exposing the transfected cells to a candidate molecule, and 
(c) monitoring the abihty of the candidate molecule to induce NF-kB activation. 

In the preceding two aspects of the invention suitable eukaryotic host cells include 
5 HeLa cells, and the host cells may be exposed to a plurality of candidate molecules. 

In a still further aspect, the invention concerns a method for identifying inhibitors of 
Par-4 expression or activity comprising (a) transfecting a mammalian cell with nucleic acid 
comprising a Par-4 promoter region fused to a reporter gene, (b) exposing the cell to a pro- 
apoptotic agent followed by exposure to a candidate molecule, and (c) monitoring the ability 
10 of the candidate molecule to inhibit the activity of the reporter gene. The Par-4 gene is 
human in one embodiment. In a preferred embodiment, the reporter gene is a luciferase gene, 
while a suitable cell line is a cell line that endogenously expresses Par-4, such as the HeLa 
cell line. Preferably, the method is used to screen a plurality of candidate molecules. 

In a further aspect, the invention concerns a method for identifying inhibitors of 
15 neuronal degeneration comprising (a) exposing eukaryotic host cells expressing presenilin 
(PS) and Par-4 to a candidate molecule and (b) monitoring the NF-kB DNA binding activity 
in the cell extract. In a preferred embodiment, the NF-kB DNA binding activity is monitored 
by electrophoretic mobility shift assay. 

In yet a further aspect, the invention concerns a method for identifying inhibitors of 
20 neuronal degeneration comprising (a) exposing eukaryotic host cells expressing presenilin 
(PS) and Par-4 to a candidate molecule and (b) monitoring ^PKC in the cell extract. In a 
preferred embodiment, £,PKC is monitored by an enzymatic assay. 

In another aspect, the invention concerns a method for identifying inhibitors of 
neuronal degeneration comprising (a) exposing eukaryotic host cells expressing presenilin 
25 (PS) and Par-4 to a candidate molecule and (b) monitoring the level of IkB kinase (IKK) 
phosphorylation. In a preferred embodiment, the level of IicKB kinase (IKK) 
phosphorylation is measured by metabolic labeling and immunoprecipitation. The 
immunoprecipitation may be performed with IKK specific antibodies. 

In yet another aspect, the invention concerns a method for identifying inhibitors of 
30 neuronal degeneration comprising (a) transfecting a mammalian cell with nucleic acid 
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comprising a Par-4 promoter region fused to a reporter gene, (b) exposing the cell to a pro- 
apoptotic agent followed by exposure to a candidate molecule, and (c) monitoring the ability 
of the candidate molecule to inhibit the activity of the reporter gene. The reporter gene can 
be a luciferase gene, while a suitable cell line is a HeLa cell line. Preferably, the method is 
5 used to screen a plurality of candidate molecules. 

In a different aspect, the invention concerns an isolated polynucleotide molecule 
comprising a Par-4 promoter region. The Par-4 promoter region may be, for example, from a 
human Par-4 gene. 

The invention also concerns an expression vector comprising a Par-4 promoter region. 
10 In one embodiment the expression vector further comprises a heterologous polypeptide, such 
as a reporter gene, under the control of a Par-4 promoter region. In one embodiment the 
reporter gene is a luciferase gene. The invention also concerns host cells transformed with 
such expression vectors. 

In a further aspect, the invention concerns a method for producing a heterologous 
15 polypeptide by transforming a host cell with a polynucleotide comprising the coding 
sequence of the polypeptide under control of a Par-4 promoter region and culturing the 
transformed host cell. 

In yet another aspect, the invention concerns a method for identifying inhibitors of 
neuronal degeneration comprising (a) exposing eukaryotic host cells expressing presenilin 
20 (PS) and Par-4 to a candidate molecule, (b) exposing said cell to a pro-apoptotic agent, and 
(c) monitoring ^PKC in the cell extract. ^PKC may, for example, be monitored by an 
enzymatic assay. 

Another aspect of the invention is a method of inhibiting Par-4 activity in eukaryotic 
cells comprising introducing into the cells a nucleic acid construct comprising a Par-4 
25 promoter region. The invention also provides a method of preventing nexironal degeneration 
in a mammal comprising introducing into the mammal a nucleic acid comprising a Par-4 
promoter region. 

In another embodiment, neuronal degeneration is prevented in a mammal by 
introducing into the mammal an antisense nucleic acid comprising a sequence 
30 complementary to a Par-4 promoter region. 
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In another aspect the invention concerns inhibitors of neuronal degeneration that are 
identified through the assays provided. 

The invention also concerns a process for obtaining a compound for the treatment of 
neuronal degeneration in a mammal. The process comprises screening a pluraHty of 
5 compounds for their abihty to inhibit Par-4 activity and preparing a pharmaceutical 
composition comprising one or more of the compounds identified in the screen and a suitable 
pharmaceutical carrier. 

Brief Description of the Drawings 
10 Figure lA shows an immunoblot analysis of PSl protein expression in PC 12 stable 

cell hnes. 

Figure IB shows the ability of etoposide treatment to induce apoptosis in PCI 2 cells 
stably expressing PSl-WT or PSl -FAD mutant proteins. 

Figure IC shows the ability of serum withdrawal to induce apoptosis in PC 12 cells 
1 5 stably expressing PS 1 - WT or PS 1 -FAD mutant proteins. 

Figure ID shows the effect of etoposide treatment on 293HEK cells transiently 
transfected with PSl-WT or PSl -FAD mutants. 

Figure 2A shows induction of luciferase activity in 293HEK cells as a result of 
transfection with an NF-kB reporter construct and increasing concentration of PSL The 
20 expression of PSl activated the reporter in a dose dependent manner. No activation was seen 
when the reporter construct was replaced with a control construct lacking the NF-kB 
consensus sequence or with a Frizzled construct encoding another multi-transmembrane 
domain protein. 

Figure 2B shows relative luciferase activity as a function of PSl-WT and PSl -FAD 
25 concentration in 293HEK cells transfected with the NF-kB dependent luciferase reporter 
construct. Like PSl-WT, PSl-FAD induced NF-kB activation in a dose dependent manner. 

Figure 3 A shows that expression of a dominant negative NIK mutant blocked PSl- 
mediated activation of NF-kB dependent gene expression. 

Figure 3B shows that overexpression of iKB-a or dominant negative IkB-u mutant 
30 inhibited PSl-induced NF-kB activation in a dose dependent manner. 



Figure 4A demonstrates that increasing concentrations of dominant negative forms of 
the aPKCs, ^PKC-DN and X/iPKC-DN, are capable of inhibiting PS-1 induced NF-kB 
transcription activation. However ^KC-DN inhibited signaling to a much greater extent and 
at lower concentrations. These data indicate that PSl induced NF-kB activation is mediated 
5 by CPKC. 

Figure 4B shows that exogenous ^PKC can rescue 293 cells from apoptotic cell death. 
The figure also demonstrates that (^PKC can rescue increased vunerability to apoptosis 
resulting from FAD PSl expression. 

Figure 4C shows that Par-4 severely abrogates PSl induced NF-kB activation in 293 
10 human embryonic kidney cells. 

Figure 4D demonstrates that Par-4 inhibits PSl induced NF-kB activation through the 
aPKCs. In the presence of an activated (^PKC mutant, Par-4 showed a significantly reduced 
ability to inhibit PSl mediated NF-kB activation. 

Figure 4E demonstrates that PS-1 mediated NF-kB activation requires p62 activity. 
15 Overexpression of p62 increases the activation of NF-kB by PSl compared to control levels 
while expression of an anti-sense p62 construct reduces activation of NF-kB by PSl to levels 
below those seen when PSl-WT is transfected alone. 

Figure 5 A, upper panel, illustrates that RIP co-immunoprecipitates with PSl in a 
TNFa dependent manner, indicating that PSl is involved in TNFa-induced NF-kB activation. 
20 The lower panel shows that the association between PSl and RIP temporally coincides with 
activation of NF-kB following stimulation with TNFa as determined by electrophoretic 
mobility shift assay. 

Figure 5B indicates that PSl-WT has a synergistic effect on TNFa induced NF-kB 
activation. 

25 Figure 5C indicates that like wild type PSl, PSl-FAD mutants synergistically 

increase TNFa induced NF-kB activation. 

Figure 6A demonstrates that TNFa treatment enhances the association between PSl 
and RIP. 

Figure 6B shows the results of electrophoretic mobility shift assays indicating that 
30 sequence specific NF-kB binding is transiently and maximally enhanced within 10 minutes 
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of treatment with TNFa, thus correlating the association between PS 1 and RIP demonstrated 
in Figure 6A with TNFa stimulation. 

Figure 7A shows quantitative RT-PCR analysis of Par-4 expression in PCI 2 cells 
stably expressing PSl-WT and PS 1 -FAD mutants following induction of apoptosis. Par-4 
5 mRNA levels increased to a greater extent in the cells expressing PS 1 -FAD mutants. 

Figure 7B shows that consistent with the results presented in Figure 7A, Par-4 protein 
levels are increased more rapidly and to higher levels in cells expressing PS 1 -FAD mutant 
protein when exposed to an apoptotic stimulus. 

Figure 8 shows NF-kB activation following an apoptotic insuh in PC 12 cells stably 
10 expressing PSl-WT or PS 1 -FAD. PS 1 -FAD expressing cells showed a significant reduction 
in specific NF-kB binding complex formation following etoposide treatment. 

Figure 9A shows that the expression of a constitutively active ^KC mutant can 
prevent the increased susceptibiHty to apoptosis seen in cells transiently transfected with 
PS 1 -FAD mutations. 

15 Figure 9B shows that the expression of a constitutively active ^KC mutant can 

prevent the increased susceptibility to apoptosis seen in PCI 2 cells stably expressing PSl- 
FAD mutations. This suggests that the increased susceptibility to apoptosis seen in these 
mutants may require inhibition of aPKC activity, 
demonstrate that PSl induced NF-kB activation is mediated by C^KC, 

20 Figure 10 is a chart illustrating the activation of NF-kB by the atypical protein 

kinases. 

Figure 1 1 A shows the nucleotide sequence encoding a human Par-4 protein (SEQ ID 

NO: 1). 

Figure 11 B shows the deduced amino acid sequence of a human Par-4 protein (SEQ 
25 ID NO: 2). 

Figure 12A shows the nucleotide sequence encoding a human PSl protein (SEQ ID 

NO: 3). 

Figure 12B shows the deduced amino acid sequence of a human PSl protein (SEQ ID 

NO: 4). 
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Figure 13A shows the nucleotide sequence encoding a human PS2 protein (SEQ ID 

NO: 5). 

Figure 13B shows the deduced amino acid sequence of a human PS2 protein (SEQ ID 

NO: 6). 

5 Figure 14 shows the nucleotide sequence of a human Par-4 5' untranslated region 

containing transcriptional regulatory elements, including a portion of the promoter sequence 
(SEQ ID NO: 7). 

Figure 15 shows the nucleotide sequence of a human Par-4 promoter region and open 
reading frame (SEQ ID NO: 8). An intron is indicated by bold type and the Par-4 protein 
1 0 open reading frame is in bold and underlined. 

Detailed Description of Preferred Embodiments 

Definitions 

Unless defined otherwise, technical and scientific terms used herein have the same 

15 meaning as commonly understood by one of ordinary skill in the art to which this invention 
belongs. Singleton et al (Dictionary of Microbiology and Molecular Biology , 2nd ed., J. 
Wiley & Sons (New York, NY 1994)) and March ( Advanced Organic Chemistry Reactions, 
Mechanisms and Structure. 4th ed., John Wiley & Sons (New York, NY 1992)) provide one 
skilled in the art with a general guide to many of the terms used in the present apphcation. 

20 One skilled in the art will recognize many methods and materials similar or 

equivalent to those described herein, which could be used in the practice of the present 
invention. Indeed, the present invention is in no way limited to the methods and materials 
described. For purposes of the present invention, the following terms are defined below. 

An objective of the present invention is to find inhibitors of neuronal degeneration. 

25 The term "neuronal degeneration" is used broadly and refers to any pathological changes in 
neuronal cells, including, without limitation, death or loss of neuronal cells and any changes 
that precede cell death. The pathological changes may be spontaneous or may be induced by 
any event and include, for example, pathological changes associated with apoptosis. The 
neurons may be any neurons, including without limitation sensory, sympathetic, 

30 parasympathetic, or enteric, e.g. dorsal root ganglia neurons, motomeurons, and central 
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neurons, e.g, neurons from the spinal cord. Neuronal degeneration or cell loss is a 
characteristic of a variety of neurodegenerative disorders. 

The terms "neurodegenerative disease" and "neurodegenerative disorder" are used in 
the broadest sense to include all disorders the pathology of which involves neuronal 
5 degeneration and/or disfunction, including, without limitation, peripheral neuropathies, 
motoraeuron disorders, such as amyotrophic lateral sclerosis (ALS), Lou Gehrig's disease, 
Bell's palsy, and various conditions involving spinal muscular atrophy or paralysis, and other 
human neurodegenerative diseases, such as Alzheimer's disease, Parkinson's disease, 
epilepsy, multiple sclerosis, Huntington's chorea, Down's Syndrome, nerve deafiiess, and 

1 0 Meniere' s disease. 

"Inhibitors" of neuronal degeneration are molecules, including organic and inorganic 
small molecules, peptides, proteins, antisense oligonucleotides and antibodies, that are 
capable of preventing, blocking, arresting, reducing, and/or slowing down the death or 
degeneration of neuronal cells, in particular neuronal cell death or degeneration that is 

15 characteristic of neurodegenerative diseases such as those listed above. 

"Inhibitors" of neuronal cell loss are molecules, including organic and inorganic small 
molecules, peptides, proteins, antisense oligonucleotides and antibodies, that are capable of 
preventing, blocking, arresting, reducing, and/or slowing down the death of neuronal cells, in 
particular neuronal cell death that is characteristic of neurodegenerative diseases such as 

20 those Usted above. 

For purposes of this invention, the terms "treat" and "treatment" refer to both 
therapeutic treatment and prophylactic or preventative measures, wherein the object is to 
prevent or slow down (lessen) an undesired physiological change or disorder. For purposes 
of this invention, beneficial or desired clinical results include, but are not limited to, 

25 alleviation of symptoms, diminishment of extent of disease, stabihzed (i.e., not worsening) 
state of disease, delay or slowing of disease progression, amelioration or palliation of the 
disease state, and remission (whether partial or total), whether detectable or undetectable. 
"Treatment" can also mean prolonging survival as compared to expected survival if not 
receiving treatment. Those in need of treatment include those already with the condition or 
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disorder as well as those prone to have the condition or disorder or those in which the 
condition or disorder is to be prevented. 

The term "polynucleotide," when used in singular or plural, generally refers to any 
polyribonucleotide or polydeoxyribonucleotide, which may be unmodified RNA or DNA or 
5 modified RNA or DNA. Thus, for instance, polynucleotides as defined herein include, 
without limitation, single- and double-stranded DNA, DNA including single- and double- 
stranded regions, single- and double-stranded RNA, and RNA including single- and double- 
stranded regions, hybrid molecules comprising DNA and RNA that may be single-stranded 
or, more typically, double-stranded or include single- and double-stranded regions. In 

10 addition, the term "polynucleotide" as used herein refers to triple-stranded regions 
comprising RNA or DNA or both RNA and DNA. The strands in such regions may be from 
the same molecule or from different molecules. The regions may include all of one or more 
of the molecules, but more typically involve only a region of some of the molecules. One of 
the molecules of a triple-helical region often is an oligonucleotide. The term 

15 "poljTiucleotide" specifically includes DNAs and RNAs that contain one or more modified 
bases. Thus, DNAs or RNAs with backbones modified for stability or for other reasons are 
"polynucleotides" as that term is intended herein. Moreover, DNAs or RNAs comprising 
unusual bases, such as inosine, or modified bases, such as tritylated bases, are included 
within the term "polynucleotides" as defined herein. In general, the term "polynucleotide" 

20 embraces all chemically, enzymatically and/or metabolically modified fonns of unmodified 
polynucleotides, as well as the chemical forms of DNA and RNA characteristic of viruses 
and cells, including simple and complex cells. It will be understood that, as a result of the 
degeneracy of the genetic code, a multitude of nucleotide sequences encoding a given 
polyepeptide may be produced. The present invention specifically contemplates the use of 

25 every possible variation of polynucleotide sequences in performing the assays disclosed 
herein, based upon all possible codon choices. Although nucleic acid molecules which 
encode the PS or Par-4 proteins or protein fragments herein are preferably capable of 
hybridizing, under stringent conditions, to a naturally occurring PS or Par-4 gene, it may be 
advantageous to produce nucleotide sequences which possess a substantially different codon 

30 usage. For example, codons may be selected to increase the rate at which expression of the 
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polypeptide occurs in a particular host cell, in accordance with the frequency with which a 
particular codon is utilized by the host. 

The term "ohgonucleotide" refers to a relatively short polynucleotide, including, 
without Hmitation, single-stranded deoxyribonucleotides, single- or double-stranded 
5 ribonucleotides, RNA:DNA hybrids and double-stranded DNAs. Oligonucleotides, such as 
single-stranded DNA probe oHgonucleotides, are often synthesized by chemical methods, for 
example using automated ohgonucleotide synthesizers that are commercially available. 
However, oHgonucleotides can be made by a variety of other methods, including in vitro 
recombinant DNA-mediated techniques and by expression of DNAs in cells and organisms. 

10 "Antisense oUgodeoxynucleotides" or "antisense oHgonucleotides" (which terms are 

used interchangeably) are defined as nucleic acid molecules that can inhibit the transcription 
and/or translation of target genes in a sequence-specific manner. The term "antisense" refers 
to the fact that the nucleic acid is complementary to the coding ("sense") genetic sequence of 
the target gene. Antisense oligonucleotides hybridize in an antiparallel orientation to nascent 

15 mRNA through Watson-Crick base-pairing. By binding the target mRNA template, antisense 
oHgonucleotides block the successful translation of the encoded protein. The term 
specifically includes antisense agents called "ribozymes" that have been designed to induce 
catalytic cleavage of a target RNA by addition of a sequence that has natural self-splicing 
activity (Warzocha and Wotowiec, "Antisense strategy: biological utiHty and prospects in the 

20 treatment of hematological malignancies." Leuk. Lymphoma 24:267-281 (1997)). 

The terms "vector," "polynucleotide vector," "construct" and "polynucleotide 
construct" are used interchangeably herein. A polynucleotide vector of this invention may be 
in any of several forms, including, but not limited to, RNA, DNA, RNA encapsulated in a 
retroviral coat, DNA encapsulated in an adenovirus coat, DNA packaged in another viral or 

25 viral-like form (such as herpes simplex, and adeno-associated virus (AAV)), DNA 
encapsulated in liposomes, DNA complexed with polylysine, complexed with synthetic 
polycationic molecules, conjugated with transferrin, complexed with compounds such as 
polyethylene glycol (PEG) to immunologically "mask" the molecule and/or increase half-Hfe, 
or conjugated to a non- viral protein. Preferably, the polynucleotide is DNA. As used herein, 

30 "DNA" includes not only bases A, T, C, and G, but also includes any of their analogs or 
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modified forms of these bases, such as methylated nucleotides, intemucleotide modifications 
such as uncharged linkages and thioates, use of sugar analogs, and modified and/or 
alternative backbone structures, such as polyamides. 

An "NF-kB reporter construct" as defined herein is a construct that comprises NF-kB 
5 responsive transcriptional regulatory sequences, e.g. promoter sequences, linked to a reporter 
gene. The reporter gene may be, for example, a luciferase, chloramphenicol 
acetyltransferase, P-glucxironidase, p-galactosidase, neomycin phosphotransferase, or guanine 
xanthine phosphoribosyltransferase. In response to NF-kB activation, the NF-kB reporter 
construct expresses a polypeptide capable of producing a detectable signal. 

10 Similarly, a "Par-4 reporter construct" is defined as a construct that, in response to 

Par-4 activation, expresses a polypeptide capable of producing a detectable signal. 

The term "antibody" is used in the broadest sense and specifically covers monoclonal 
antibodies (including agonist, antagonist, and neutralizing antibodies), polyclonal antibodies, 
multi-specific antibodies (e.g., bispecific antibodies), as well as antibody fi-agments. The 

15 monoclonal antibodies specifically include "chimeric" antibodies in which a portion of the 
heavy and/or Ught chain is identical with or homologous to corresponding sequences in 
antibodies derived from a particular species or belonging to a particular antibody class or 
subclass, while the remainder of the chain(s) is identical with or homologous to 
corresponding sequences in antibodies derived firom another species or belonging to another 

20 antibody class or subclass, as well as fragments of such antibodies, so long as they exhibit the 
desired biological activity (U.S. Patent No. 4,816,567; Morrison et al, Proc. Natl. Acad. Sci. 
USA , 81:6851-6855 (1984)). The monoclonal antibodies ftirther include "humanized" 
antibodies or fi-agments thereof (such as Fv, Fab, Fab*, F(ab')2 or other antigen-binding 
subsequences of antibodies) which contain minimal sequence derived fi*om non-human 

25 immunoglobulin. For the most part, humanized antibodies are human inamunoglobulins 
(recipient antibody) in which residues from a CDR of the recipient are replaced by residues 
from a CDR of a non-human species (donor antibody) such as mouse, rat or rabbit having the 
desired specificity, affinity, and capacity. In some instances, Fv FR residues of the human 
immunoglobulin are replaced by corresponding non-human residues. Furthermore, 

30 humanized antibodies may comprise residues that are found neither in the recipient antibody 
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nor in the imported CDR or framework sequences. These modifications are made to further 
refine and maximize antibody performance. In general, the humanized antibody will 
comprise substantially all of at least one, and typically two, variable domains, in which all or 
substantially all of the CDR regions correspond to those of a non-human immunoglobulin 
5 and all or substantially all of the FR regions are those of a human inmiunoglobulin sequence. 
The humanized antibody optimally also will comprise at least a portion of an 
immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further 
details, see Jones et al (Nature^ 321:522-525 (1986)) and Reichmann et al fNature 332:323- 
329 (1988)). The humanized antibody includes a PRIMATIZED® antibody wherein the 

10 antigen-binding region of the antibody is derived from an antibody produced by immunizing 
macaque monkeys with the antigen of interest. 

"Antibody fragments'* comprise a portion of an intact antibody, preferably the antigen 
binding or variable region of the intact antibody. Examples of antibody fragments include 
Fab, Fab', F(ab')2, and Fv fragments; diabodies; linear antibodies (Zapata et al. Protein Eng. 

15 8:1057-1062 (1995)); single-chain antibody molecules; and multispecific antibodies formed 
from antibody fi-agments. 

The "Par-4 promoter region" is used herein to refer to a polynucleotide comprising at 
least a portion of SEQ ID NO. 8 and capable of functioning as a promoter, corresponding 
polynucleotide sequences in non-human mammals and variants of such native sequences, so 

20 long as they retain the ability to function as a promoter. The variant nucleotide sequences 
will preferably have at least about 85% nucleotide sequence identity, more preferably at least 
about 90% nucleotide sequence identity, even more preferably at least about 95% nucleotide 
sequence identity, most preferably at least about 99% nucleotide sequence identity with the 
sequence between about nucleotides 1 and 5832 of SEQ ID NO: 8. 

25 "Percent (%) nucleotide sequence identity" is defined herein as the percentage of 

nucleotides in a candidate sequence that are identical with the nucleotides in the Par-4 
promoter sequence, after aligning the sequences and introducing gaps, if necessary, to 
achieve the maximum percent sequence identity. Ahgnment for purposes of determining 
percent nucleic acid sequence identity can be achieved in various ways that are within the 

30 skill in the art. These include using pubHcly available computer software such as BLAST, 
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BLAST-2, ALIGN, ALIGN-2 or Megalign (DNASTAR). The skilled practitioner can 
determine appropriate parameters for measuring alignment, including any algorithms needed 
to achieve maximal aUgnment over the full length of the sequences being compared. 

"Carrier" as used herein include pharmaceutically acceptable carriers, excipients, or 
5 stabilizers which are nontoxic to the cell or mammal being exposed thereto at the dosages 
and concentrations employed. Often the physiologically acceptable carrier is an aqueous pH 
buffered solution. Examples of physiologically acceptable carriers include buffers such as 
phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low 
molecular weight (less than about 10 residues) polypeptide; proteins, such as serum albumin, 

10 gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrohdone; amino 
acids such as glycine, glutamine, asparagine, arginine or lysine; monosaccharides, 
disaccharides, and other carbohydrates including glucose, maimose, or dextrins; chelating 
agents such as EDTA; sugar alcohols such as maimitol or sorbitol; salt-forming counterions 
such as sodium; and/or nonionic surfactants such as TWEEN™, polyethylene glycol (PEG), 

15 andPLURONICS™. 

Description of Preferred Embodiments 

The nuclear factor kappa B (NF-kB) is a transcription factor that has long been 
recognized as a central mediator of gene expression induced by pathogens or inflammatory 

20 cytokines. More recently, it has been reported that NF-kB can counteract the induction of 
apoptosis by tumor necrosis factor-a (TNF-a), ionizing radiation, or daunorubicin. See, e.g. 
Beg et al. Science 274:782-784 (1996); Wang et al. Science 274:784-787 (1996); van 
Antwerp et al. Science 274:787-789 (1996); Liu et al. Cell 87:565-576 (1996); and Wu et 
aL, EMBO. J. 15:4682-4690 (1996). According to other reports, insulin-like growth factor-1 

25 (IGF-1) mediated neuroprotection against oxidative stress is associated with NF-kB 
activation (Heck et aL, J. BioL Chem. 274:9828-9835 (1999)). Kahschmidt et al found that 
inhibition of NF-kB potentiates amyloid P mediated neuronal apoptosis (Proc. Natl. Acad. 
Sci. USA 96:9409-9414 (1999)). Highly constitutive NF-kB activity has been described to 
mediate resistance to oxidative stress in neuronal cells (Lazoualc'h et al, J. Neurosci. 

30 18:3224-3232 (1998)). MacDonald et al (J. Neurosci Res. 57:219-226 (1999)) reported that 
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NF-kB, along with protein kinase C zeta (PKCQ, is an essential signaling element for 
mediating nerve growth factor (NGF)-promoted rescue of neurons from apoptosis. PKC^ has 
been shown to inactivate I-KBa, a negative regulator of NF-kB (Daiz-Meco et al EMBO. J. 
13:2842-2848 (1994)), thereby allowing activation of NF-kB. 
5 The present invention is based on the experimental finding that the presenilin (PS) 

proteins, which have been suggested to have a critical role in cellular (and in particular 
neuronal) survival, participate in the molecular pathway mediating NF-kB activation. 
Although the molecular pathway mediating NF-kB activation is well defined, the 
participation of PS in this process has not heretofore been described. This finding coupled 

10 with the finding that i^KC is also involved in PS-mediated NF-kB activation, and that Par-4 
is a negative regulator of PS-mediated NF-kB activation, acting to suppress ^KC activity, 
has led to the development of a variety of screening assays disclosed herein. 

The assays of the present invention may be cell-based assays using eukaryotic, 
preferably mammalian host cells transfected with the desired nucleic acid, e.g. nucleic acid 

15 encoding Par-4 and/or a PS protein and an appropriate reporter construct. Alternatively, 
eukaryotic cells that endogenously express Par-4 and/or PS protein may be used. 

Nucleic acid encoding a native human Par-4 protein is known in the art (PCT 
Pubhcation WO 98/13494, GenBank Accession No: U63809), and is shown in Figure llA 
(SEQ ID NO: 1). The encoded amino acid sequence (SEQ ID NO: 2) is shovra in Figure 1 IB 

20 and the 5' untranslated region of Par-4 including a portion of the promoter sequence is shown 
in Figure 14 (SEQ ID NO: 7). Recently we have cloned and sequenced the entire Par-4 
promoter region, which is shown in Figure 15 along with the beginning of the coding region 
(SEQ ID NO: 8), 

A Par-4 promoter region was identified by determining a sequence that could drive 
25 expression of a reporter from constructs that operably link a reporter gene to Par-4 sequences 
(Par-4 promoter-reporter constructs). It was identified using a Par-4 coding region of human 
origin. Briefly, a Par-4 cDNA clone was isolated and used to generate a radiolabeled probe 
which was then hybridized to a bacterial artificial chromosome library containing segments 
of the human genome (Frengen et al. Genomics 58:250-253 (1999)), Positive-hybridizing 
30 isolates were identified and partial DNA sequence analysis confirmed that they harbored 
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human Par-4 coding sequences. Upon confirmation that the isolates contained Par-4 coding 
sequence, the coding region was mapped within the isolated segment of DNA by standard 
mapping procedures involving restriction endonuclease fragmentation and radiolabeled Par-4 
hybridization. The regions 5' to the coding domain of three isolates were merged using 
5 common restriction endonuclease sites to produce one contiguous piece of DNA containing 
the human Par-4 promoter. This contig was sequenced out to approximately 5900 base pairs 
5' to the initiator methionine of the human Par-4 protein. Using site-directed mutagenesis, a 
unique restriction site was introduced immediately before the initiator methionine. An 
expression construct was created that comprised nucleotides 1 through 5744 of SEQ ID NO: 

10 8, linked to a luciferase reporter gene. The expression construct was transiently transfected 
into mammalian 293HEK cells with Fugene 6 (Becton Dickinson) or an equivalent reagent. 
Apoptosis was induced in the cells approximately 24 to 72 hours later using an apoptotic 
stimulus such as etoposide or ceramide. Cell lysates were prepared at various time points 
following insult and reporter activity assayed appropriately. The ability of the Par-4 

15 promoter region to drive expression of the reporter was observed. Reporter activity was 
significantly greater fi*om the Par-4 promoter-reporter constructs than that obtained with 
reporter plasmid lacking the human Par-4 promoter sequence. 

Potential regulatory sites are identified by sequence analysis with programs such as 
Find Program (University of Wisconsin Genetics Computer Group Software Program) and 

20 TESS (Transcription Element Search Software) using the TRANSFAC database (Research 
Group/AG Bioinformatik), Potential regulatory sites are confirmed by co-transfecting 
mammalian cells with a Par-4 promoter-reporter construct and plasmids encoding activators 
or repressors of a given regulatory element. 

At least one intron, identified in bold in Figure 15, is located in the Par-4 promoter. 

25 This intron is located in the 5' untranslated region and was identified by comparing the gene 
sequence with a Par-4 cDNA sequence. 

Based on the identification of the sequence of a Par-4 promoter region, several 
inhibitors of Par-4 activity and neuronal degeneration were identified. These include a 
nucleic acid construct comprising a Par-4 promoter region and a nucleic acid construct 

30 comprising a sequence complementary to a Par-4 promoter region. Par-4 activity may be 
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inhibited and neuronal degeneration may be prevented in a mammal by introducing into the 
mammal an effective amount of any of the identified inhibitors. 

The cloning of human presenilin-1 (PSl) is described in Sherrington et al. Nature 
375:754-760 (1995). The human PSl nucleotide sequence and deduced amino acid sequence 
5 are shown in Figure 12A and 12B, SEQ ID NOs: 3 and 4, respectively. The cloning of 
human presenilin-2 (PSl) is described in Levy-Lahad et al. Science 269:973-977 (1995) and 
Rogaev et al. Nature yT6\115-ll% (1995). The human PS2 nucleotide sequence and the 
deduced amino acid sequence are shown in Figure 13A and 13B, SEQ ID NOs: 5 and 6, 
respectively. 

10 DNA encoding a native polypeptide used in the assays of the present invention, 

including the human Par-4, PSl and PS2 polypeptides, can be obtained from cDNA libraries 
prepared from tissue believed to possess the corresponding mRNA and to express it at a 
detectable level. For example, a cDNA library can be constructed by obtaining 
polyadenylated mRNA from a cell line known to express the desired polypeptide, and using 

15 the mRNA as a template to synthesize double-stranded cDNA. In the present case, PSl and 
PS2 are ubiquitously expressed as multi-transmembrane domain proteins in all mammalian 
cells examined. Accordingly, the corresponding mRNA can be isolated from a variety of 
sources. Par-4 is also expressed in a variety of mammaUan cells, often along with PSl and/or 
PS2. For example, HeLa cells naturally show activated expression of endogenous Par-4, and 

20 may serve as a source for Par-4 mRNA. 

The polypeptide genes necessary to practice the present invention can also be 
obtained from a genomic library, such as a human genomic cosmid library. 

Libraries, either cDNA or genomic, are screened with probes designed to identify the 
gene of interest or the protein encoded by it. For cDNA expression libraries, suitable probes 

25 include monoclonal and polyclonal antibodies that recognize and specifically bind to a given 
polypeptide. For cDNA libraries, suitable probes include oligonucleotide probes (generally 
about 20-80 bases) that encode known or suspected portions of a polypeptide herein, from the 
same or different species, and/or complementary or homologous cDNAs or fragments thereof 
that encode the same or a similar gene. Appropriate probes for screening genomic libraries 

30 include, without limitation, ohgonucleotides, cDNAs, or fragments thereof that encode the 
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same or a similar gene, and/or homologous genomic DNAs or fragments thereof. Screening 
the cDNA and genomic libraries with the selected probe may be conducted using standard 
protocols as described, for example, in Chapters 10-12 of Sambrook et al. Molecular 
Cloning: A Laboratory Manual New York, Cold Spring Harbor Laboratory Press (1989). 
5 According to a preferred method, carefully selected oHgonucleotide probes are used 

to screen cDNA libraries from various tissues, preferably from neuronal tissues. The 
oligonucleotide sequences selected as probes should be sufficient in length and sufficiently 
unique and unambiguous that false positives are minimized. The actual sequences can be 
designed based on regions that have the least codon redundancy. The oligonucleotides may 
10 be degenerate at one or more positions. The use of degenerate oUgonucleotides is of 
particular importance where a library is screened from a species in which preferential codon 
usage is not known. 

The oligonucleotides must be labeled such that they can be detected upon 
hybridization to DNA in the library screened. Preferably, the 5' end of the oligonucleotide is 
15 radiolabeled, using ATP (e.g. y^^P) and polynucleotide kinase. However, other labeling, e.g. 
biotinylation or enzymatic labeling are also suitable. 

Alternatively, to obtain DNA encoding a homologue of a human PS or Par-4 
polypeptide in another mammalian species, one only needs to conduct hybridization 
screening with labeled human DNA or fragments thereof, selected following the principles 
20 outlined above, in order to detect clones which contain homologous sequences in the cDNA 
libraries obtained from appropriate tissues of the particular animal (cross-species 
hybridization). Full-length clones can then be identified, for example, by restriction 
endonuclease analysis and nucleic acid sequencing. If full-length clones are not identified, 
appropriate fragments are recovered from the various clones and ligated at restriction sites 
25 common to the fragments to assemble a full-length clone. 

cDNAs used in practicing the present invention can also be identified and isolated by 
other known techniques, such as by direct expression cloning or by using the PCR technique, 
both of which are well known are described in textbooks, such as those referenced herein. 

Once the sequence is known, the nucleic acid can also be obtained by chemical 
30 synthesis, following known methods, such as the phosphoramidite method (Beaucage and 
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Caruthers, Tetrahedron Letters 22:1859 (1981); Matteucci and Camthers, Tetrahedron Letters 
21:719 (1980); and Matteucci and Caruthers, J. Amen Chem. Soc. 103 : 3185 (1981)), and the 
phosphotriester approach (Ito et al., Nucleic Acids Res. 10:1755-1769 (1982)). 

In order to perform the cell based assays herein, or for introduction into a transgenic 
5 animal, cDNA encoding the desired polypeptide of the present invention is inserted into a 
rephcable vector. Suitable vectors are prepared using standard techniques of recombinant 
DNA technology, and are, for example, described in the textbooks cited above. Isolated 
plasmids and DNA fragments are cleaved, tailored, and ligated together in a specific order to 
generate the desired vectors. After Hgation, the vector containing the gene to be expressed is 

10 transformed into a suitable host cell 

The cell-based assays of the present invention use eukaryotic, preferably vertebrate, 
more preferably mammalian host cells. Cell cultures derived from multicellular organisms 
suitable for practicing the present invention include, for example, monkey kidney CVl cell 
line transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney cell line 

15 293S (Graham et al, J. Gen. Virol. 36:59 (1977)); baby hamster kidney cells (BHK, ATCC 
CCL 10); Chinese hamster ovary (CHO) cells (Urlaub and Chasin, Proc. Natl. Acad. Sci. 
USA 77:4216 (1980)); monkey kidney cells (CVI-76, ATCC CCL 70); African green 
monkey cells (VERO-76, ATCC CRL-1587); human cervical carcinoma cells (HeLa, ATCC 
CCL 2); canine kidney cells (MDCK, ATCC CCL 34); human lung cells (W138, ATCC CCL 

20 75); human liver cells (Hep G2, HB 8065), or PC12 cells. 

Cells endogenously expressing Par-4 and/or a PS polypeptide might be preferred in 
some embodiments. For example, in one embodiment of the present invention, the host cells 
are primary cultures of rat cerebellar granule neurons prepared from 8-day old Sprague- 
Dawley rats, essentially as described in Kaltschmidt et ai, Mech. Dev. 43:135-147 (1993). 

25 Neurons dissociated from cerebellum can be plated on plastic dishes coated with poly-L- 
lysine, and growth in basal modified Eagle's medium containing 10% heat-inactivated fetal 
calf serum, 25 mM KCl, 1 mM glutamine and 100 |ig/ml gentamycin, essentially as 
described by Heck et al, J. Biol. Chem. 274:9828-9835 (1999), or by a modification of this 
or other methods known in the art. The cerebellar neurons are then transiently transfected 

30 with the desired expression construct, for example, as described by Boussif al, Proc. Natl. 
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Acad. Sci. USA 92:7297-7301 (1995), including an appropriate NF-kB dependent reporter 
gene, e.g. a luciferase gene linked to NF-kB consensus binding sites. Luciferase activity can 
be monitored, for example, as described in Behl et al, EndocrinoloRV 138:101-106 (1997). 

In another embodiment, organotypic brain cells are obtained from transgenic mice 
5 that have been genetically engineered to express PSl and/or Par-4. Methods of making 
transgenic mice are well known in the art. 

Genetic information can be transferred into mammalian cells essentially by two types 
^ of methods, those that are mediated by virus infection and those based on direct DNA 
transfer. Direct methods involve the introduction of genetic material (e.g. DNA) into the 

10 nucleus of a somatic cell, or the male pronucleus of a fertiUzed egg, by microinjection. 
Indirect methods most commonly involve deUvery of genetic information by viral vectors, 
particularly viral RNA vectors. The viral vector systems may use papoviruses, of which 
Simian Virus 40 (SV40) and polyoma virus are the best studied. Accordingly, suitable 
promoters for mammaUan expression vectors are often of viral origin. In addition to S V40 

15 and polyoma virus, these viral promoters are commonly derived from cytomegolavims 
(CMV), and Adenovirus2, The SV40 virus contains two promoters that are termed the early 
and late promoters. They are both easily obtained from the virus as one DNA fragment that 
also contains the viral origin of replication (Fiers et al, Nature 273:1 13 (1978)). Smaller or 
larger SV40 DNA fragments may also be used, provided they contain the approximately 250- 

20 bp sequence extending from the Hindlll site toward the BgH site located in the viral origin of 
replication. An origin of replication may be obtained from an exogenous source, such as 
SV40 or other virus, and inserted into the cloning vector. Alternatively, the host cell 
chromosomal mechanism may provide the origin of rephcation. If the vector containing the 
foreign gene is integrated into the host cell chromosome, the latter is often sufficient, 

25 One of the most commonly used methods of introducing DNA into mammaUan cells 

is the calcium phosphate method (Graham et al, Virologv 52:546 (1978); Sambrook et al, 
supra, sections 16.32-16.37). However, other methods, e.g. lipofection, DEAE-dextran 
mediated DNA transfection, protoplast fusion, electroporation, polybrene-mediated DNA 
transfection, red blood cell-mediated transfection, direct microinjection, laser method, and 

30 microprojectile-mediated gene transfer etc. are also suitable. These and similar methods are 
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disclosed, for example, in "Methods in Enzymology," Vol. 185, Gene Expression 
Technology . Goeddel, D.V. ed., (1991). 

The screening assays of the present invention are preferably amenable to high- 
throughput screening of chemical libraries, and are particularly suitable for identifying small 
5 molecule drag candidates. Small molecules, which are usually less than lOK molecular 
weight, are desirable as therapeutics since they are more hkely to be permeable to cells, are 
less susceptible to degradation by various cellular mechanisms, and are not as apt to elicit an 
immune response as proteins. Small molecules include but are not limited to synthetic 
organic or inorganic compounds, and peptides. Many pharmaceutical companies have 

10 extensive libraries of such molecules, which can be conveniently screened by using the 
assays of the present invention. The assays can be performed in a variety of formats, 
including biochemical screening assays, protein-protein binding assays, immunoassays, cell- 
based assays, etc. Such assay formats are well known in the art. 

For example, a biochemical assay for identifying inhibitors of Par-4 expression, 

15 neuronal apoptosis and neuronal degeneration may be carried out using a Par-4 promoter- 
reporter construct. A Par-4 promoter region containing the regulatory domains necessary for 
apoptotic induction is fused to a reporter gene. The reporter gene may be any known in the 
art, such as luciferase. The Par-4 promoter-reporter construct is transfected into mammaUan 
cells. For example, the Par-4 promoter-reporter constract may be transfected into 293HEK 

20 cells using a transfection reagent such as Fugene6 (Becton Dickinson). The cells are then 
grown for a period of time, preferably 24 hours, and then exposed to a stimulus known to 
induce apoptosis, such as a pro-apoptotic agent like etoposide or ceramide. The compound to 
be screened is added to the cells and the cells are incubated for a second period of time, 
preferably 6 to 24 hours. Cell lysates are then prepared and reporter activity is measured 

25 using the appropriate assay. A compound that is observed to decrease induction of reporter 
activity compared to untreated controls is considered a candidate inhibitor of Par-4 
expression and neuronal apoptosis and degeneration. It is anticipated that incubation times, 
reagent concentrations and other variables will be optimized to produce the most sensitive 
assay possible. 
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A high throughput version of this assay may be developed to allow for the rapid 
screening of thousands of candidate inhibitors. For example, the assay may be scaled down 
so that it can be carried out in 96 well plates and the cell lysate preparation and reporter 
activity determination can be carried out robotically, 
5 If a candidate compound is identified in this assay, its inhibitory properties may be 

confirmed in a secondary assay using neuronal cells. For example, rat PC12 cells and/or 
human SK-N-MC neuronal cell lines may be transiently transfected with the Par-4 promoter- 
reporter construct and tested as described above. Alternatively a neuronal cell line may be 
stably transfected with the reporter construct and used to test the candidate compound. 

10 In addition, a candidate inhibitory compound may be tested in an assay using naive 

neuronal cells treated with an apoptotic stimulus. The ability of the candidate compound to 
inhibit endogenous Par-4 expression compared to untreated cells is observed. 

A biochemical assay may also be used to identify inhibitors of neuronal degeneration 
by screening for antagonists of Par-4 mediated inhibition of PSl induced NF-kB activation. 

15 Several different types of biochemical assay may be used. For example, an NF-kB reporter 
construct may be transfected into mammalian cells that either endogenously express PSl and 
Par-4 or are transfected to express these proteins. The compound to be screened is added to 
the cells. A compound that increases NF-kB reporter activity compared to control cells is 
considered a candidate inhibitor of Par-4 activity and neuronal degeneration. 

20 Alternatively, a DNA binding assay known as a gel shift or electrophoretic mobility 

shift assay (EMSA) may be used. In a typical electrophoretic mobility shift assay, cells 
endogenously expressing PSl (wild type or FAD) and Par-4, or transfected to express these 
proteins, are incubated with a candidate molecule. Nuclear or whole cell extracts are then 
prepared and incubated with a synthetic, ^^P labeled, double-stranded oligonucleotide 

25 containing consensus NF-kB recognition sequence, fi^actionated on polyacrylamide gel, and 
autoradiographed. The positive molecules are identified by their ability to stimulate NF-kB 
DNA binding activity. 

Another biochemical assay that can be used for identifying inhibitors of neuronal 
degeneration is an enzymatic assay to monitor the activity of ^PKC. As described earlier, 

30 ^PKC is involved in PSl induced NF-kB activation. Moreover, Par-4 directly binds to ^PKC 
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and inactivates it, resulting in the inhibition of PSl induced NF-kB activation. This assay 
can be conducted by incubating cells expressing PSl and Par-4 with a candidate molecule, 
and monitoring ^PKC in the cell extracts. As described earUer, cells expressing exogenously 
transfected PSl and Par-4 can also be used for the assay. The assay for monitoring ^PKC is 
5 well established (Berra et al Mol Cell. Biol . 17:4346 (1997); Barradas et aL, EMBO. I 
18:6362 (1999)). Molecules of interest show an ability to stimulate ^PKC. This assay may 
also be carried out following exposure to a pro-apoptotic agent. The increased Par-4 
expression produced by such an exposure would make the assay more sensitive by increasing 
the baseline inhibition of ^PKC. 

10 Yet another biochemical assay that is useful for identifying inhibitors of neuronal 

degeneration is an assay to monitor the level of phosphorylation of IKK (IkB kinase) in 
extracts prepared from cells treated with a candidate molecule. According to the working 
hypothesis underlying the current invention, PSl stimulates §PKC, which activates IKK by 
phosphorylation, which in turn phosphorylates and induces degradation of IkB, thus releasing 

15 active NF-kB, Thus the phosphorylation status of IkB or IKK can serve as a surrogate 
marker of NF-kB activation. Monitoring the phosphorylation state of IkB may be difficult 
due to rapid degradation. However, phosphorylated IKK can be monitored by incubating 
cells treated with a candidate molecule and metabolically labeled with ^^Pi, 
immunoprecipitating IKK in the cell extract using IKK specific antibodies, and resolving on 

20 SDS-PAGE gel followed by autoradiography. Those molecules that antagonize the 
inhibitory effect of Par-4 on NF-kB activation are scored based on their ability to increase the 
level of phosphorylation of IKK. 

Once a candidate inhibitor of neuronal degeneration has been identified by the assays 
of the present invention, it can be further tested by one or more cell survival or viability 

25 assays known in the art. These include, but are not limited to, the 3-(4,5-dimethylthiazol-2- 
yl)-2,5-diphenyl-tetrazoUum bromide (MTT) reduction cell viability assay, which is a 
sensitive first indicator of mitochondrial damage, the trypan blue exclusion assay, and 
morphological studies. These and similar assays are described, for example, in MacDonald 
et al, J. Neurosci. Res. 57:219-226 (1999), Heck et al, supra, and in the references cited 

30 therein. 
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The toxicity and therapeutic efficacy of identified inhibitors of neuronal degeneration 
can be determined by standard pharmaceutical procedures in cell cultures or experimental 
animals, e.g., for determining the LD50 (the dose lethal to 50% of the population) and the 
ED50 (the dose therapeutically effective in 50% of the population). The dose ratio between 
5 toxic and therapeutic effects is the therapeutic index and it can be expressed as the ratio 
LD50/ED50. Compoimds exhibiting large therapeutic indices are preferred. While compounds 
that exhibit toxic side effects can be used, care should be taken to design a delivery system 
that targets such compounds to the site of affected tissue in order to minimize potential 
damage to uninfected cells and, thereby, reduce side effects. 

10 Data obtained from cell culture assays and animal studies can be used in formulating 

a range of dosage for use in humans. The dosage of such compounds hes preferably within a 
range of circulating concentrations that include the ED50 with little or no toxicity. The dosage 
can vary within this range depending upon the dosage form employed and the route of 
administration utilized. For any compound used in the method of the invention, the 

15 therapeutically effective dose can be estimated initially from cell culture assays. A dose can 
be formulated in animal models to achieve a circulating plasma concentration range that 
includes the IC50 {i.e., the concentration of the test compound, which achieves a half-maximal 
inhibition of symptoms) as determined in cell culture. Such information can be used to 
accurately determine useful doses in humans. Levels in plasma can be measured, for 

20 example, by high performance liquid chromatography. 

The inhibitors of neuronal degeneration identified in accordance with the present 
invention can be formulated as pharmaceutical compositions for use in the treatment of 
various neurodegenerative diseases, such as Alzheimer's disease. Pharmaceutical 
compositions can be formulated for a variety of modes of administration, including systemic, 

25 localized and topical administration. Techniques and formulations generally may be found in 
Remington's Pharmaceutical Sciences , 18th Edition, Mack Publishing Co. (Easton, PA 
1990). See also. Wang and Hanson "Parenteral Formulations of Proteins and Peptides: 
Stability and Stabilizers," Journal of Parenteral Science and Technology , Technical Report 
No. 10, Supp. 42-2S(1988). 
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A suitable administration format can best be determined by a medical practitioner for 
each patient individually. The amounts of various compounds for use in the methods of the 
invention can be determined by standard procedures. Generally, a therapeutically effective 
amount is between about 100 mg/kg and 10"^^ mg/kg, but will vmy depending on the age and 
5 size of the patient, and the disease or disorder associated with the patient. Generally, it is an 
amount between about 0.05 and 50 mg/kg of the individual to be treated. The determination 
of the actual dose is well within the skill of an ordinary physician. 

Further details of the invention are illustrated by the following non-hmiting examples. 

10 EXAMPLES 
Example 1 

PSl appears to play a critical role in maintaining cell viability. Rat neuronal PC12 
cells were stably transfected with cDNA encoding either wild-type human PSl (PSl-WT) or 
PSl with the M146V or E280G mutations seen in FAD (PSl-FAD). The cDNAs encoding 

15 full length WT, M146V, or E280G PSl were engineered for neuronal expression using the 
neuronal-specific enolase (Quon et aL, Nature , 352:239-241 (1991)). Each construct was co- 
transfected into PC 12 cells with a second plasmid carrying the selectable marker neomycin, 
using Lipofectamine (Life Sciences Inc.). After transfection, pools were selected from which 
individual clones were isolated. Clones were assessed for human PSl expression, as well as 

20 NTF/CTF processing by Western blot analysis. Briefly, monoclonal antibody 3.6.1, specific 
for human PSl, was prepared by immunizing mice with a synthetic peptide spanning residues 
309-331 of PSl and rat anti-human PSl antibody was obtained from Chemicon. Equal 
amounts of total cell proteins (50 |ig) were separated by SDS-PAGE, transferred to 
nitrocellulose membrane and incubated with antibody. 

25 Analysis using mAb 3.6.1 and Rat anti-PS 1 (Chemicon) showed that PSl-WT and 

PSl -FAD mutants expressed at variable levels in the selected lines (Figure lA). The position 
of the PSl full-length holoprotein (FL) and the -30 KDa PSl N-terminal fragment (NTF) are 
indicated in Figure 1 A. 

A set of WT, M146V, and E280G PSl cell clones were selected based on expression 

30 levels of human PSl. Stable PSl expressing PC12 cells were cultured in DMEM containing 
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5% fetal calf serum, 10% horse serum and antibiotics (50 units/ml penicillin and 50 (xg/ml 
streptomycin) in the presence of 500 Hg/ml Geneticin (Life Technologies). Cell cultures 
were maintained in a 95% air: 5% CO2 atmosphere. Consistent with previous reports (Guo et 
al^ Neuroreport 8:379-383 (1996)), during nornial maintenance of these cultures, expression 
5 of either PS 1 -WT or PS 1 -FAD mutants did not affect cell proliferation or viability. 

To determine whether expression of PS 1 -FAD mutants affected susceptibility to 
apoptosis, apoptosis was induced by treatment with etoposide (25 [ig/ml) or by serum 
withdrawal for 27 hours. Cell viability was determined by propidium iodide staining and 
assessed by flow cytometry. Viable or apoptotic cells were distinguished based on 
10 morphological alterations typical of adherent cells undergoing apoptosis including becoming 
roundedj condensed, membrane blebbing and detaching from the culture dish. Briefly, 
following the induction of apoptosis as indicated in experiments, culture media was 
collected and the cells were harvested by trypsinization. The cell media and trypsinized 
cells were centrifuged and washed once in chilled PBS. The cell pellets were re-suspended 
15 in 1 ml of staining solution (50 mg/ml-propidium iodide, 20 [ig/ml RNase A, 0.6% NP-40, 
and 0.1% sodium citrate) and incubated on ice for 30 minutes. Cells were then analyzed by 
flow-cytometry (Becton Dickinson). The percentage of apoptotic cells was determined by 
calculating the percentage of cells with sub-Go/Gi DNA content. 

Following etoposide treatment, naive and PSl-WT expressing PC12 cells displayed 
20 a progressive increase in the number of apoptotic cells (Figure IB). In comparison, PC 12 
cells expressing PSl-FAD mutants showed a significant enhancement in their susceptibiUty 
to etoposide, with increased numbers of apoptotic cells present 12 hours after exposure to 
etoposide (Figure IB). In another set of experiments, cells were induced to xmdergo 
apoptosis by serum withdrawal. Again, as assessed by flow cytometry cells expressing PSl- 
25 FAD mutants were significantly more sensitive to apoptosis when compared to naifve and 
PSl-WT expressing cells (Figure IC). The propidium iodide profile indicated that serum 
withdrawal for 27 hours induced apoptosis (sub-GyGi) in -5% of naive and PSl-WT 
expressing cells and in -30% of cells expressing PSl-FAD mutants. Despite the lower 
levels of PSl-FAD expression compared to PSl-WT, expression levels were sufficient to 
30 produce a pro-apoptotic effect. 
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PS 1 -FAD increased susceptibility to apoptosis was not peculiar to the stably 
expressing PC 12 cells, since a similar phenotype was observed in 293 human embryonic 
kidney (293HEK) cells transiently expressing PSl-FAD mutants (Figure ID). Human 
293HEK embryonic kidney cells were transiently transfected by calcium phosphate 
5 precipitation. Briefly, 3X10^ 293HEK cells were transfected with 0.01 |ig of the p- 
galactosidase reporter plasmid to indicate transfection plus the test plasmid in six well 
culture dishes. The PSl-WT and PSl-FAD constructs are described in detail in Example 2. 
Twenty-four hours post-transfection cells were induced to undergo apoptosis followed by 
fixation in 0.5% gluteraldehyde and staining with 5-bromo-4-chloro-3-indoyl p-D- 

10 galactopyranoside for 2-3 hours. Cells were visualized by phase contrast microscopy. 
Approximately 300 P-galactosidase-positive cells were assessed from three randomly 
selected fields from each transfection (n=3), and the mean of these was used to calculate 
percentage apoptosis. Viable or apoptotic cells were distinguished based on morphological 
alterations typical of adherent cells undergoing apoptosis including becoming rounded, 

15 condensed, membrane blebbing and becoming detached from the culture dish. 

It is well documented that upon expression of exogenous PSl, saturable 
accumulation of exogenous PSl derivatives is accompanied by a selective compensatory 
decrease in endogenous PSl derivatives (Thinakaran et al. Neuron 17:181-190 (1996); 
Thinakaran et al, J. Biol. Chem. 272:28415-28422 (1997); Saura et al, J. Biol. Chem. 
20 274:13818-13823 (1999); and Tomita, et a/., J. Neurosci. 19:10627-10634 (1999)). In 
keeping with this model, exogenous expression of PSl-WT does not protect these cells from 
apoptotic stimuli, presumably due to the saturable accumulation of PSl derivatives which 
limits any protective effects of additional PSl in the 293HEK and PC 12 cell systems used. 
These results suggest an important role for PSl in maintaining cell viability. 

25 

Example 2 

In order to investigate a possible role for PSl in NF-kB activation, an NF-kB 
dependent luciferase reporter gene plasmid (Stratagene) and increasing concentrations of a 
wild type PSl (PSl-WT) expression vector were cotransfected into 293HEK cells. The 
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PSl-WT expression construct plasmid was prepared using pcDNA 3.1 (obtained from 
Invitrogen) into which the entire coding region for human PSl-WT cDNA was inserted 
using EcoRl restriction endonucelase to join the 5' terminus and Kpnl restriction 
endonuclease to join the 3' terminus of the PSl-WT sequence. The pcDNA3.1 plasmid 
utiUzes a cytomegalovirus promoter to drive expression of inserted sequences. The NF-kB 
reporter plasmid was purchased from Stratagene (pNF-uBLuc plasmid #219078-51). 
293HEK cells at 80% confluence (-2 x 10^ cells per well) in 6 well plates were co- 
transfected with the plasmids using either Lipofectamine Plus (obtained from Gibco BRL) 
or the calcium phosphate method of DNA transfection. The PSl-WT plasmid at 0, 0.5, 1,5 
and 2.5 |ag DNA and 100 ng of NF-kB reporter plasmid DNA were mixed into the 
transfection vehicle and added to the cells in serum-free medium for 4 hours. After this 
period, an equal volume of medium containing 10% serum was added and the cultures were 
incubated overnight before harvesting. To measure luciferase activity, the protocol of 
Promega was followed. Cell lysates were made with saline washed cells using a 0.2 ml 
volume of IX reporter buffer (25 mM Tris-phosphate, 2 mM dithiothreatol, 2 mM 1,2- 
diaminocyclohexane-N,N,N',N'-tetraacetic acid, 10% glycerol, 1% Trition X-100). Cells 
were scraped from the well and transferred to a microcentriftige tube and placed on ice for 
10 minutes. The sample was next vortexed and centriftiged at 14,000 rpm for 30 seconds to 
remove debris. Twenty microliters of the supernatant was mixed with 100 jxl of luciferase 
assay reagent (20 mM Tricine, 1.07 mM (MgC03)4 Mg(0H)2 SH^O, 2.67 mM MgS04, 
O.lmM EDTA, 33.3 mM dithiolthreatol, 270 \xM coenzyme A, 470 ^iM luciferin, 530 \iM 
ATP) and the reaction was read in a luminometer for 30 seconds. 

As shown in Figure 2 A, the expression of PSl-WT activated the reporter gene in a 
dose-dependent manner with maximum induction of luciferase activity being 15-fold 
compared to vector control. No induction of luciferase was observed when a reporter 
construct lacking the NF-kB consensus sequence (PCIS-CK) was used, indicating that 
luciferase activity was due to transcriptional activation at the NF-kB binding site (Figure 
2A), As a control for exogenous expression of PSl, 293HEK cells were similarly tested for 
their response to over-expression of Frizzled, another multi-transmembrane domain protein. 
In Frizzled transfected cells (1.5 \xg) no luciferase activity was detected, indicating that PSl- 
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induced NF-kB activation was not an artifact of over-expressing a large transmembrane 
protein (Figure 2A). 

293HEK ceil cultures were also transiently transfected with the NF-kB dependent 
reporter construct as described above (100 ng) and increasing concentrations of PSl-WT and 
5 the PSl-FAD mutant (M146V or E280G) expression vectors (0.5 ^g, 1.5 \ig and 2.5 |ig). 
The PSl-FAD expression plasmid was constructed by subcloning each of the two PSl-FAD 
coding sequences into pcDNA 3.1 using the same restriction sites as were used for the PSl- 
WT expression plasmid. PSl-FAD induced NF-kB activation to levels comparable to those 
of PSl-WT (Figure 2B), demonstrating that both PSl-WT and PSl-FAD are capable of 
10 inducing NF-kB in this assay. As shown in Figure 2B, the expression of PSl-FAD activated 
the NF-kB reporter gene in a dose-dependent manner. Importantly, as determined below, 
NF-kB activity may be compromised in PSl-FAD expressing cells. 

Example 3 

15 Several steps in the signaling pathways leading to NF-kB activation are known and 

many merge at the level of the protein kinase NIK (NF-KB-inducing kinase) (Ninomiya- 
Tsuji et al. Nature 398:252-256 (1999); Ozes et al. Nature 401:82-85 (1999); and 
Pomerantz and Baltimore, EMBO. I 18:6694-6704 (1999)). To define the signaling 
pathways that couple PSl to NF-kB activation, the ability of dominant-negative forms of 

20 NIK (NIK-DN) and IkB-u (iKB-a-DN; the specific inhibitor of NF-kB) to block PSl- 
induced NF-kB activation was investigated. The inactive NIK mutant (KK429-430AA) and 
iKBa mutant (S32A, S36A) are known to behave as dominant-negative inhibitors of both 
TNFa and IL-l-induced NF-kB activation. Subconfluent cultures of 293HEK cells were 
transiently transfected with lOOng of the NF-KB-luciferase reporter gene plasmid, 2.5 [ig of 

25 PSl-WT and increasing amounts (0.5 \ig, 1.5 pig and 2.5 ^g) of NIK-DN (gift of Dr. 
Claudius Vincenz, University of Michigan) or increasing amounts (0.05 \ig, 0.1 ^g and 0.5 
lag) of iKB-a or IkB-u-DN (Clontech). In all experiments cells were harvested 14 to 24 
hours post transfection and levels of luciferase activity were determined with the Luciferase 
Assay System according to manufacturer's directions (Promega). Results are fi-om a 
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representative experiment performed in duplicate with all values expressed relative to that 
for vector transfected cells, normalized for P-galactosidase expression. 

Expression of NIK (KK429-430AA) blocked PS 1 -mediated activation of NF-kB 
dependent gene expression (Figure 3A). Furthermore, overexpression of iKB-a or 
5 dominant-negative iKB-a (S32A, S36A), inhibited PSl-induced NF-kB activation in a dose 
dependent manner (Figure 3B). Taken together, these results indicate that PSl functions 
upstream of, or in a parallel pathway to, the NIK-IkBu cascade in mediating NF-kB 
activation. 

10 Example 4 

Studies have demonstrated that the atypical PKCs (^KC and X/xPKC) are stimulated 
by TNF-a and are required for the activation of NF-kB by TNF-a through a mechanism that 
involves the phosphorylation of IkB. More recently, it has been demonstrated that both 
(^PKC and X/xPKC directly phopsphorylate IK kinase p (IKKp) which in turn phosphorylates 

15 IkB, resulting in NF-kB activation and transcription regulation (Lallena et aL, MoL Cell 
Biol. 19:2180-2188 (1999)). Over-expression of a ^PKC dominant negative (DN) mutant 
(kinase inactive) severely impairs the activation of IKKp in TNF-a stimulated cells. To 
further characterize PSl-induced NF-kB activation and determine whether the aPKCs are 
downstream mediators of PSl induced NF-kB activation, 293HEK cells were cotransfected 

20 with PSl-WT (2.5 ^ig), increasing concentrations of kinase-inactive ^PKC-DN or X/x PKC- 
DN (0.1 |ig, 0.25 jxg, 0.5 |xg; obtained from J. Moscat and described in Mol. Cell. Biol. 
16:105-114 (1996), and the NF-kB dependent luciferase reporter construct (100 ng). Figure 
4 A demonstrates that increasing concentrations of ^PKC-DN dramatically inhibit PSl- 
mediated NF-kB activation. Interestingly, (^KC-DN inhibited signaling to a much greater 

25 extent than ?l/iPKC-DN, which showed significant inhibition only at the higher 
concentrations (Figure 4A). These data demonstrate that PSl induced NF-kB activation is 
mediated by^PKC. 

Further evidence that ^KC is involved in PSl induced NF-kB activation and 
subsequent cell survival can be seen in experiments where exogenous Q?KC was found to 
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rescue cells from apoptotic cell death (Figure 4B), The exogenously expressed C^YiC could 
rescue cells made more vulnerable to apoptosis by PS 1 -FAD expression, as well as cells 
expressing PSl-WT. In these studies, Q?1LC was supplied by transient transfection. 

To further investigate the involvement of aPKCs in PS 1 -mediated NF-kB signaling, 
5 the ability of the aPKC selective inhibitor, Par-4, to inhibit signaling was tested. 
Subconfluent cultures of 293HEK cells were transiently transfected with 100 ng of the NF- 
kB dependent luciferase reporter construct, 2.5 jig of PSl-WT and increasing amounts (0.5 
jag, 1 ^g and L5 |ig) of Par-4. Overexpression of Par-4 dramatically inhibited PS 1 -induced 
NF-kB activation (Figure 4C). 

10 To demonstrate that Par-4 inhibits PS 1 -induced NF-kB activation through the aPKCs, 

an activated (^PKC mutant (^PKC^^^) (5 ^ig) was co-transfected with PSl-WT (2.5 ^g) and 
increasing amounts of Par-4 (0.5 [ig, 1 jag and 1.5 jig) expression vectors. The data in Figure 
4D clearly indicate that the expression of the CPKC active mutant inhibits the blockade by 
Par-4 on PS 1 -induced NF-kB activation. 

15 Previous studies have demonstrated that the aPKCs can be activated in response to 

TNFa and IL-1, and are recruited to the receptor-signaling complex through the specific 
adapter protein, p62. Therefore, the role of p62 in the activation of NF-kB by PSl was 
investigated. Subconfluent cultures of 293HEK cells were transiently transfected with PSl- 
WT (2.5 jag), 10 ng of the NF-kB reporter gene construct and either 10 |ig of a p62 

20 expression construct or 10 |xg of a p62 antisense construct (p62^^). PSl -induced activation of 
NF-kB was assessed as above. Significantly, the depletion of endogenous p62 dramatically 
inhibited the activation of NF-kB by PSl (Figure 4E), placing PSl up-stream of p62 in a NF- 
kB signaling cascade. Also, increased expression of p62 enhanced the activation of NF-kB 
by PSl (Figure 4E). Collectively, these findings provide strong evidence that PSl -mediated 

25 NF-kB activation requires p62 and aPKC activity, which can be inhibited by expression of 
Par-4, the selective aPKC inhibitor. 



Example 5 

Understanding the signaling mechanisms utilized by many cell surface receptors to 
30 generate cellular responses has lead to the identification of distinct classes of receptor- 
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associated proteins, which couple these receptors to down-stream signaling cascades. 
Following oligomerization of TNFRl by the trimeric TNF, recruitment of the adapter protein 
TRADD initiates a NF-kB signaling cascade that absolutely requires the serine-threonine 
protein kinase RIP (Devin et al. Immunity 12:419-429 (2000); and Kelliher et ai, Immunity 
5 8:297-303, (1998)), Recently, it has been shown that the aPKC adapter protein, p62, 
interacts with RIP and serves to link the aPKCs to the activation of NF-kB by the TNFa 
signaling pathway (Sanz et al, EMBO. J. . 18:3044-3053 (1999)). Consistent with these 
observations, expression of a p62 antisense plasmid suppresses RIP-induced NF-kB 
activation (Sanz et al, supra). The results presented in Example 4, demonstrating that a p62 

10 antisense plasmid suppresses PS 1 -induced NF-kB activation, imply that like RIP, PSl 
functions up-stream of p62 in a signaling cascade. Since p62 associates with RIP, the ability 
of endogenous PSl to associate with RIP was investigated. 

Recruitment of endogenous components of the TNFR-1 signaling complex upon cell 
stimulation with TNFa has previously been demonstrated (Hsu et al. Immunity 4:387-396 

15 (1996); and McCarthy et al, J. Biol. Chem. . 273:16968-16975 (1998)). To examine the 
involvement of PSl in TNFa-induced NF-kB activation, endogenous PSl was 
immunoprecipitated at various time points from ly sates of TNFa-treated and TNFa-untreated 
. 293 HEK cells. The immunoprecipitates were examined by immunoblot with an anti-RIP 
antibody. Briefly, subconfluent cultures of 293HEK cells were stimulated or not with 

20 40ng/ml recombinant human TNFa (Calbiochem). Cells were then washed twice with ice 
cold PBS and lysed in 1 ml of lysis buffer (50 mM HEPES, 150 mM NaCl, 2 mM EDTA, 
0.1% Nonidet P-40, 10 mM Na3V04, and protease inhibitor mixture (Complete™, Boehringer 
Mannheim). Cells were lysed on ice for 15 minutes then centrifuged at 14,000 rpm for 20 
minutes and the supematants were collected. Lysates were then normalized such that 

25 equivalent amount of protein was present in each sample using the bicinchonic acid (BCA) 
method (Pierce). Lysates were pre-cleared for 2 hours with rabbit pre-immunization serum (5 
|ig) and 30 ^1 Protein-G agarose beads (Boehringer Mannheim). The lysates were then 
immunoprecipitated with 10 jig monoclonal anti-PS 1 antibody. The immunoprecipitates 
were then washed five times in lysis buffer. Samples were resolved on 8% NuPage Tris- 
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Glycine gels (No vex), transferred to PVDF membrane (Millipore) and subjected to Western 
blot analysis with an anti-RIP polyclonal antibody (Sigma). 

While little association was seen under resting conditions, endogenous RIP 
reproducibly co-immunoprecipitated with endogenous PSl in a TNFa dependent manner 
5 (Figure 5 A). The association between endogenous PSl and RIP is rapid and temporally 
coincides with activation of NF-kB following TNFa stimulation as determined by 
electrophoretic mobility shift analysis (EMSA) (Figure 5A lower panel). EMSA was 
performed as previously described (Wooten et al, J. Neurosci> Res. 58:607-611 (1999)). 
Briefly, treated cells were harvested with cold PBS and washed once in ice-cold PBS. Cell 

10 extracts were prepared in high-sah detergent buffer (Totex; 20 mM HEPES, pH 7.9, 350 mM 
NaCl, 20% Glycerol, 1% NP-40, 1 mM MgCl^, 0.5 mM EGTA, 0.5 mM DTT, 1 mM PMSF 
and protease inhibitor). Samples were incubated on ice for 30 minutes and were vortexed 
briefly during incubation, followed by centrifugation at 13,000g for 5 minutes at 4*^C. BCA 
(Pierce) analysis determined protein concentration of the supematants, and samples were 

15 normalized to equal protein in equal volumes. Activity of NF-kB was determined using 10 
\ig of protein which was added to a reaction mixture containing 20 jig BSA, 2 jig poly(d(I- 
C)), 2 |il buffer D (20mM Hepes, pH 7.9, 20% Glycerol, lOOmM KCl, 0,5mM EDTA, 0.25% 
NP-40, 2mM DTT, 0.1 mM PMSF), 4 ^il Buffer F (20% FicoU 400, lOOmM Hepes, pH 7.9, 
300mM KCl, lOmM DTT, 0.1% PMSF) and 100,000 c.p.m. of a ''P-end labeled double 

20 stranded ohgonucleotide (Promega) containing the kB consensus sequence 5'- 
AGTTGAGGGGACTTTCCCAGGC-3' (SEQ ID NO: 9) in a final volume of 20 ixl 
Samples were incubated at room temperature for 25 minutes. Excess SP-1 (5'- 
ATTCGATCGGGGCGGGGCGAGC-3' (SEQ ID NO: 10)) or NF-kB oligonucleotides were 
included as negative controls. Samples were loaded onto a 1 mm 6% tris-glycine gel. The 

25 gel was dried and exposed to x-ray film for 24-72 hrs. The specific binding of complexes to 
the NF-kB oligonucleotide is indicated in Figure 5 A (lower panel). 

TNFa is a well-characterized inducer of NF-kB activation. If PSl is important in 
TNFa-induced NF-kB activation, as indicated by inhibition of PSl -induced NF-kB by p62 
antisense (Figure 4E) and the association between endogenous PSl and RIP (Figure 5 A), 

30 increased PSl expression within the limits of PSl pool expansion should enhance TNFa- 
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induced signaling pathways that utiUze p62 and RIP. To investigate if over-expression of 
either PSl-WT or PS 1 -FAD influences TNF-a induced activation of NF-kB, 293HEK cells 
were transiently transfected with increasing amounts of either the PSl-WT or PS 1 -FAD 
expression vector, and the NF-kB dependent luciferase reporter construct. Twenty-four 
5 hours post transfection, cells were treated with 40 ng/ml TNF-a for four hours, and then 
assessed for luciferase activity. Both PSl-WT and PSl-FAD were found to have a 
synergistic effect on TNF-a induced NF-kB activation as shown in Figures 5B and 5C, 
significantly higher than would be seen if the effect were simply additive. 

Although TNF-a is known to induce apoptosis, this c>tokine can simultaneously 
10 activate NF-kB as a survival signal (reviewed in Ashkenazi and Dixit, Science 281:1305- 
1308 (1998)). In this context, the synergistic effect seen with PSl and TNF-a is likely to be 
a coincident signaling of the NF-kB pathway. 

Example 6 

1 5 The TNFa-dependent interaction between PSl and RIP in rat primary neuron cultures 

was investigated. Cortical neuronal cultures were prepared from day 17 embryos of Sprague- 
Dawley rats, of which non-neuronal cells were less than 10% of the total cortical neuron 
culture. Standard procedures well known in the art were followed (Li et al. Neuron 19:453- 
463 (1997)). Briefly, cortices were dissected, diced into small pieces, and subjected to 

20 treatment with trypsin and Dnase-1, Following dissection, cells were seeded to poly-lysine 
coated 6 well tissue culture plates (Becton Dickinson) at a density of 1.2 x 10^ cells per well. 
Primary cultures were grown in minimal essential medium supplemented with 30 mM 
glucose, 2 niM glutamine, 1 mM pyruvate and 10% FBS. 

Using antibodies specific for PSl and RIP, endogenous PSl was immunoprecipitated 

25 at various time points from ly sates of TNFa-treated and untreated primary cortical neurons as 
described above. Subsequent immunoblotting with an antibody specific for RIP (Sigma) 
revealed TNFa-enhanced association between PSl and RIP (Figure 6A). This observation 
supports the notion that PSl participates in NF-kB activation through a selective interaction 
with RIP, an essential TNFR-1 complex component. 
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The transient association between endogenous PSl and RIP in primary cortical 
neurons could be directly correlated with the rapid and transient activation of NF-kB 
following TNFa stimulation as determined by gel-shift. Electrophoretic mobility shift assays 
(EMSAs) were carried out as described above using total cell lysates prepared from TNFa- 
5 treated cortical neurons and using the light chain kB sequence as the DNA binding probe. 
Although there was detectable basal level activation, sequence specific NF-kB binding 
complex was transiently and maximally enhanced within ten minutes of treatment with TNFa 
and gradually decreased within 30 minutes (Figure 6B left panel). The validity of the EMS A 
was demonstrated on addition of 100-fold excess of unlabelled cold NF-kB ohgonucleotide 

10 which inhibited binding of the upper most pair of band detected in the EMS A (Figure 6B 
right panel). These bands were unaffected by inclusion of 100-fold excess of an SPl 
oligonucleotide, and omission of cell extract in the binding reaction resulted in an absence of 
DNA-protein interaction (Figure 6B right panel). Collectively, these results conclusively 
demonstrate the concomitant PSl -RIP endogenous association and NF-kB activation in 

1 5 primary cortical neurons. 

Example 7 

Par-4 expression is enhanced in cells expressing PSl mutations (PSl -FAD), and 
specifically inhibits the enzymatic activity of the aPKCs. As demonstrated in Figure 4C, Par- 

20 4 severely abrogated PSl induced NF-kB activation. The aPKCs are key regulators of NF- 
kB activity and are negatively regulated by Par-4 (Diaz-Meco et al. Cell 86:117-7^6 (1996)). 
Together with the evidence presented here that Par-4 impairs PSl -induced NF-kB activation 
(Figure 4C), this strongly suggests that increased expression of Par-4, following an apoptotic 
insult, could be sufficient to inhibit NF-kB survival-signaling, thereby sensitizing PSl -FAD 

25 expressing cells to the induction of apoptosis. To address this possibility, Par-4 mRNA 
levels in the stable PC 12 cell lines were determined following exposure to an apoptotic 
insult. Par-4 mRNA levels were analyzed by quantitative real-time PCR. Briefly, total RNA 
was analyzed using an ABI Prism"^ 7700 Sequence Detection System (PE Apphed 
Biosystems). RNA was extracted and purified fi:-om PC12 cell cultures using the RNAqueous 

30 kit (Ambion Inc.) according to manufacturer's instructions. Aliquots of RNA (2 \ig) were 
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reverse-transcribed using Multiscribe Reverse Transcriptase (PE Applied Biosystems), 
Sequence-specific primers and probes were designed using Primer Express software (PE 
Applied Biosystems). The primers and probes for 18S rRNA were: forward 5'- 
CGGCTACCACATCCAAGGAA-3' (SEQ ID NO: 11); reverse 5'- 
5 GCTGGAATTACCGCGGCT-3' (SEQ ID NO: 12); and probe 5' -6FAM- 
TGCTGGCACCAGACTTGCCCTC-TAMRA-3' (SEQ ID NO: 13). The primers and probes 
for Par-4 were: forward 5'-CCCAGATCCAGGAACCTCCT-3' (SEQ ID NO: 14); reverse 
5'-TTTTGTATCTGCCTGGGACTGTT-3' (SEQ ID NO: 15) and probe 5'-6FAM- 
CCTGCCCCAGGACCCGTCG-TAMRA-3' (SEQ ID NO: 16). For RT-PCR analysis, 1 ^il 

10 of cDNA was used in a 25 |il reaction mixture in the presence of 200 nM of primers, 100 nM 
of probe and 0.625 unit of AmpliTaq Gold polymerase. Relative quantitation of Par-4 
mRNA and 18S rRNA were calculated using the comparative threshold cycle number for 
each sample fitted to standard curve. Expression levels for the Par-4 mRNA in each sample 
were normaUzed to 18S rRNA. 

15 Quantitative RT-PCR analysis showed that Par-4 mRNA levels are increased in PCI 2 

cells stably expressing PSl following the induction of apoptosis by etoposide (Figure 7 A), 
while in untreated cells, Par-4 mRNA levels are undetectable. Coincident with the 
morphological characteristics of apoptosis, Par-4 mRNA levels increased in a time dependent 
manner following etoposide treatment, starting after 4 hours, and peaking at 6-8 hours in 

20 PSl-WT expressing cells. When PC12 cells stably expressing PSl-FAD mutants (M146V or 
E280G) were exposed to etoposide, Par-4 mRNA levels increased progressively and to 
greater levels than in cells expressing PSl-WT (Figure 7A). Consistent with mRNA 
analysis, when PC12 cells stably expressing either the M146V or E280G PSl mutation were 
exposed to etoposide, Par-4 protein levels were increased more rapidly and to higher levels 

25 that in naive or wild-type PSl expressing cells (Figure 7B). The increase in Par-4 protein 
levels coincides with the enhanced susceptibiUty to apoptosis seen in PSl-FAD expressing 
cell lines (Figure IB). 

Example 8 
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Regulated activation of NF-kB has been shown to modulate PC 12 cell survival, where 
inhibition of NF-kB blocks survival of PC 12 cells and sympathetic neurons (Kaltschmidt et 
al, Proc. Natl Acad, Sci. USA . 96:9409-9414 (1999); and TagUalatela et al, J. Neurosci. 
Res. 47:155-162 (1997). Further studies have shown that the aPKCs are critical modulators 
5 of NF-kB activity and have been shown to enhance PC 12 cell survival through a NF-kB 
dependent pathway (Wooten M.W., et al, J. Neurosci, Res. 58:607-61 1 (1999); and Wooten 
M.W., et al, MoL Cell Biol. 20 :4494-4504 (2000)). Par-4 expression is dramatically induced 
by pro-apoptotic stimuli where Par-4 mediated apoptosis is dependent on its ability to block 
aPKC-mediated NF-kB activation (Diaz-Meco et al. Cell 86:777-786 (1996)). To test 
10 whether increased susceptibility of PS 1 -FAD cell lines to apoptosis could in part be mediated 
by reduced NF-kB activity, NF-kB activation following an apoptotic insult in PC 12 cell lines 
stably expressing PSl-WT or PS 1 -FAD was measured, 

NF-kB activity was measured by EMSA using total cell lysates and the light chain 
kB sequence as the DNA binding probe as described above. Measurements were conducted 
15 with cells under basal conditions and at increasing time points following treatment with 
etoposide for times known to precede and coincide with the induction of apoptosis (Figure 
8). Analysis was performed using normalized protein concentrations, the same batch of 
labeled oligonucleotide and exposure to film for the same period of time, to ensure a 
quantitative measure of differences between the stable cell lines and the parental 
20 counterpart. A direct comparison of the DNA binding activity of NF-kB in parental and 
PSl-WT expressing PC 12 cells under non- stimulated basal conditions and etoposide 
treatment revealed a relatively similar NF-kB complex profile (Figure 8). In both parental 
and PSl-WT expressing cells there was a time-dependent reduction in NF-kB active 
complex following treatment with etoposide. In contrast, the PS 1 -FAD (E280G) expressing 
25 line showed a reproducible reduction in detectable basal level activation and an enhanced 
reduction in specific NF-kB binding complex formation following etoposide treatment 
(Figure 8). In cells expressing PS 1 -FAD, NF-kB activity was decreased to near 
undetectable levels at 8 hours post-etoposide treatment (Figure 8). Significantly, this time- 
dependent reduction in NF-kB activity, coincided with, and is inversely related to, the 
30 enhanced Par-4 expression and occurrence of apoptosis observed in these cultures following 
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etoposide treatment. Competition binding assays with 100-fold excess unlabelled NF-kB or 
SPl oligonucleotides confirmed that the migrating complex contained NF-kB (Figure 8 
lower panel). During the course of this experiment etoposide treatment had no effect on SPl 
DNA-binding activity, confirming the selectivity for NF-kB activity (Taglialatela et al,L 
5 Neurosci, Res. 47:155462 (1997)^ 

Example 9 

PSl and NF-kB activation have been shown to be important mediators of neuronal 
cell survival. Because Par-4 expression provokes the inhibition of PSl -induced NF-kB 

10 activation through the aPKC-lKB-a pathway (Figure 4A-E), it was determined whether the 
expression of aPKC was sufficient to prevent the increased susceptibility to apoptosis in 
cells expressing PSl -FAD mutations. Subconfluent cultures of 293HEK cells were 
transiently transfected with 1 ^ig of vector, PSl-WT, PS1-E280G or PS1-M146V either 
alone or in combination with a constitutively active ^PKC plasmid, ^PKC*^^ together with 

15 pGFP as an indicator of transfection. Twenty- four hours post-transfection cells were treated 
with etoposide (25 ^ig/ml) and cell viability was determined by morphological evaluation of 
pGFP positive cells by fluorescent microscopy. Again, cells expressing PSl -FAD mutations 
demonstrated an increased susceptibility to the induction of apoptosis when compared to 
PSl-WT expressing cells (Figure 9A). Interestingly, co-expression of ^PKC^^^ completely 

20 inhibited the increased sensitivity to apoptosis associated with the PSl -FAD mutations 
(Figure 9A). Similarly, in PC12 cells stably expressing either PSl-WT or PSl-FAD 
mutants, the expression of ^PKC*^"*"^ dramatically suppressed the increased susceptibiUty to 
etoposide in PC12 cells stably expressing PSl-FAD mutants (Figure 9B). These results 
indicate that the increased susceptibility to apoptosis associated with PSl-FAD mutations 

25 may in part require inhibition of aPKC activity. 

Taken together, the data presented in Examples 1 through 9 strongly suggest that 
^KC and Par-4 are important participants in PSl mediated NF-kB activation. When 
paralleled to characteristic events in AD patients, namely, elevated expression of Par-4 and 
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reduced ^PKC activity, mutations in PS-1 may lead to a reduced activation of NF-kB and 
hence increased susceptibility to apoptosis (see Figure 10). 



All references cited throughout this disclosure, including the examples, and the 
references cited therein, are hereby expressly incorporated by reference. 
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